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Abstract. [ Background ] The black soil region in Northeast China is one of the most important
marketable grain basis. The serious soil erosion brings crucial challenges to the production of marketable
grain. Farmland shelterbelt is a key part of the Three Norths Forest Protection System in Northeast China,
which plays a positive role in the prevention and control of soil erosion. The study on the effect of
shelterbelt on gully can provide scientific insights into gully erosion control. [ Methods] Firstly, the
typical black soil region was chosen as the study area in Keshan County, Northeast China, and the
distribution of gully and farmland shelterbelt was derived by interpreting the SPOTS imagery in 2007 and
TM imagery in 2008, respectively. Then, the effect of farmland shelterbelt on gully erosion was

analyzed, using the spatial analysis and mathematical siatistics methods. [ Results ] Generally, the
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density of farmland shelterbelts increased from northeast to southwest, while the variation law was the
opposite for the density of gully. The highest density of farmland shelterbelt occurred in the western and
northwestern regions, with the density larger than 1 400 m/km’. And the highest density occurred in
northeastern region for gully, >800 m/km’. Furthermore, the defense effect of farmland shelterbelt on
gully erosion varied with the defense distance. When the distance was shorter than 120 m, no obvious
difference existed for the defense effect. When the distance ranged from 120 to 240 m, the defense effect
decreased linearly with the increase of distance. When the distance was longer than 240 m, the defense
effect decreased distinctly. Besides, the shelterbelt and gully density showed a highly linear relationship
when the shelterbelt density ranged from 500 to 1 300 m/km’. However, the change of gully density was
not obvious when the shelterbelt density was higher than 1 300 m/km’. [ Conclusions] The slope,
distance from the gully, and density of farmland shelterbelt were all import factors to the effect of
farmland shelterbelt on gully erosion. The effect varied under different conditions of the three above
mentioned factors. The farmland shelterbelt should be better planted in regions with the slope less than
8°, less than 120 m far away from the gully, and with the density ranging 1 100 — 1 300 m/km’ in black

soil region of Northeast China. This work may provide a certain scientific suggestion for the erosion

prevention and management.
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Fig.1 Location of the studied area, and the distribution of shelterbelts and gully
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Tab.1 Classification of shelterbelts and gully density

# [ Density/ B 4 bk Shelterbelt Z Gully
(m+km~?) R Area/km> o 4 Percent/ % & B Area/km? %] Percent/ %
<200 24.35 0.72 185. 06 5.46
200 ~ 400 217.93 6.43 1152.89 34.02
401 ~ 600 491. 86 14.51 828. 36 24.44
601 ~ 800 522. 63 15.42 1126. 49 33.24
801 ~1 000 817.03 24.11 96.51 2.85
1001 ~ 1200 661. 59 19.52 0. 00 0. 00
1201 ~ 1400 450. 46 13.29 0.00 0.00
>1400 203. 64 6.01 0. 00 0.00

N FREATHASZEEWREREE.
3.2 AEMELHFHRMEHRIGXEA

B & 3 AT, R ST IX B B bR B B B RE I 1
i, 2 B S T HE S RINFE Z
HFEBRIFMERMERXR(y = - 88.306x +1 027.5,
R* =0.918 3) ; 1 {2 foh 49 49 JF JU] 6 25 30k B 38, 22
MR, HL NG AWM E Z R EF
TERMEXZA (y=48.953x +419. 14, R* =0.8847),
ERMCHEARMBT T E SR EZE R X3
FE < 8o4th X B R TV 7% B I R LA, R
P Z B A = R S (y = 73. 4782 +366. 09,
R =0.9805), UiBd Y4k B < 8 T, Bt 3 B 4 K
1Rih 25 B K, B > 8° )5, R B E AL AR
K, 53 Bk 670. 84 F1672. 87 m/km® , MBI B <8°
N EEARMANERAET LE-TMEAEER
W B, TR RE > 8° B, AR Pl v B9 K B 5 Wi Uk
5, MHMEWE RS ZEFWEE, I KR
KERRTREMNENETENER, BFRBENT
AR M G . T AR B R AR B A LB ST
Bl SO RIG A BE . B >8° KB, W iIE &
o N R A Ak, T HOE IR AW R,

1000y —&— {3 Gully
& —8— [ Shelterbelt
£ soof
&
2 600F
5
a
400
el
200 . . . . )
<l -3 3-5 5-8 8~11 »>ll
B EE Slope/(°)

B3 NREET B3R R b i R

Density of shelterbelt and gully in the different slope
it By 37 bR AR ok 9 4 BF T A B, BB R I B B 9

T, B 37 b B AR ok 9 o AR A A B BB R

Fig.3

B WA B3R BN R Ve B RS N
VIR AR R A WA o= ER . il —
rol s, ZESR B <1°M1 1 ~3° 2 MY EEAL, B 7 AR
ALK, 4 Bk 914. 95 F1 922. 07 m/km”, i
% R I 4% b ) 4 BE A3 SR 48 K, A 440. 47 m/km’ 3 K
] 502. 42 m/km” , 13 B HE B By 37 4K 25 BE 5% 0, B R
EWHIERAE T EEEZEM; MAEBRE >8°1
2AAESEEL, BB E LA KR, 25 R
540. 77 F1 548. 97 m/km” | i {5k ¥4 %5 BF 0 TE B B A8
A%, 4y Bl 2R 670. 84 F1 672. 87 m/km® , 3 — 25 P8 #%
BEEWMHAIER WS, T, ERPREE
b AR AN TR 9 o E AL RRAE , B R, E R
T8 B AR, BB SE B 42 B 3025 AR BN i B K AL, B
G ML SR PR IA
3.3 EMAEESERIPHEZEXR

A< B Bl P ARAE M Rl A B R 0 BB A
Sr TERIB B SRR E B R Y R K B I 3R K
UR45J7 T K FE T 6E , T BE AR ) £ B o 2 i o X B A
AU ERSE R, BREOAHPREEY
1,24 500 m x 500 m HAS A B 76K A 3 o R
M SR bR A DR, {6 45 L B 47 RN R BEAS B R 4y R AR,
M 1978 LUJE , & 8 7 46 3547 “ /AN M 28 7 7 4k B AR AR
PR, LA 3% B R i B s . BREIX A
FART [ 1F] BE £ A5 F 200 ~ 500 m Z ], B & BR
AReHT B0 S RS, (R vl B BE L PR M O T R
P (E 4), M 419 m/km’ 3 K F)] 504. 80 m/km” , P} HH
B AR T B B O 30 52 W BT XoF T 9 kY B AP R

E 4 AL EAR R EER T, MO X T 18 kg
B R B AR 7E <120 m (AR BT 3 BE S 19, 13
T 7 % B G AN 5, M 419 m/km’ 3% K B 428. 14 m/
km®; 7E 120 ~240 m Z BB BE B 0, RO B
HR B K, M 441. 66 m/km” 1 K 5] 464. 98 m/km” ; fij
240 m LASMR BT P BE BT I, 4R 10 9 B I AR K, 3K



FE6M EXBE: FUABLXEREHBEPASHAEMXR 49
550( 702. 26 m/km” 3% /0 B 263. 69 m/km”® , B ¥ 4k 2 BEF
<

T osoof e fREW Guly
&
; 450[—

1 T 4 I I I
(= (= [ (=3 [} < (=}
1) D N R g
\4 t 2 — - - [\ [\
o 1 2 1 2 2 A
N\ L Q <
(=3} N vy ) —
— = o~ N

B Distance/m
M4 BEHPAARESTRumEE
Fig.4 Change of gully density with its distance to shelterbelts

# 504. 80 m/km®, &L AT LLAG B, B AR T 9 ok
RIBF B B FEBE AR 120 m Z RO BT I B B Py, B
XoF Y b Bl 4P A0 R B AR — A T K T UL BE S, B 4 3
FEBEBRE, 76 120 ~240 m Z N B P BE B 1,
Bitrs R EEESM, 2ERRERBH M B E
(y=7.8289x +433.97 ,R* =0.998 9) , [fj 240 m L
SRR BEES B AR T B i E R C 23 K
BT o BIRERY, MR REERITFHBE - E
T, LR B A B B 3 i , - B T T B O T U
2, B P PR R AR XU R U K 43 B9 4R PR ES , B AR R
o B 7 B 2 58 T

AP E AR B = X BRI (a] BE, XF F 1 ik
BREFEERNL, EEI K. ARERRIFHNE
MPFARCR , ME R /A, SR B A 1Y 1, I 6 B
TR LR P R E I AR K . METHT R X B A
AMHEXEBFFREREOMEEZTZESAT
200 ~300 m 2 f&] , T 78 & . o #8 A1 4L #F b X B 47k
BRALB ™ E , EHH I E] BE7E 400 ~ 600 m Z [A] 1)
B W5 X W AR ] BE G K, 52 e Bl 37 BB i &
., BEgU 5 AR K RS, 1 0 B bk
BEFACE BRI 7E LSBT B Bt s P g, BB
+ X B AR EE R £ > 200 m, T 1 18] B ok T v
B B/ME R K, T BN 8B 34 By B B 1A YA TR
HMPEER"  ZE L ESEENMRER -, BTRK
UV B IR T 5,2 KRR Z B EETE 120 m
A AR BIR a3 R, B L, oK B 3 bk Rb g
BE 48 /0N B B bR (B) BE 2 B G VTR AR B T Ik .
3.4 BHHRBEESEMATERR

W 9 X B 3 4K BE 4 < 100 m/km®,100 ~
300 m/km®,+--,1 300 ~1 500 m/km*, >1 500 m/km’
FH9OANFR K H SR M0 % SRR
ARFFMWZE AR R AE S BT, SR bk,
FE & B brobk 25 B 9 3 K, B % R D R,

RMWEEZEERLKERXRR (y = ~60.496x +
807.56,R* =0.920 3) , 6.8 By 37 ph ot T ¥ fokt A By B
YEF R B & B, JCH 2 B 37 AR % B 7E 500 ~ 1 300
m/km’ Z 8], i 5 AR A b B B A R B E B
BEERRMEMEEL(y = -113.75x +777.31,R* =
0.9961), 7E > 1 300 m/km’ B}, 2 1t ¥ 25 BF M
315. 56 m/km’J& />3] 263. 69 m/km?, 3 B Bh 9 bk %
FEAE > 1300 m/km” B, Xt 8 4ok B4 B 7 OR 28 LR 1R
B, 3R H Bl 47 AR O R — B R B B 3 Y B 4
BR FFREZW, EHRBEELIR, BRHARZEHES
5RO, R A K Z BRG], T BER b, #E W
B w AR i B ke T

800( —o— {243 Gully

(=)
g

400

|

B Density/(m - km™)
W
=

1 2 3 4 5 6 7 8 9
B 3AAR B i % 4] Shelterbelt density grade
B 5 {320k B B bk B AR A iy 2R

Fig.5 Change curve of gully density with shelterbelt density

EHPHRHMAEEEE FELHAEEE, 168
RN BB &M, A XARBERE. T
MRS, MRS 7 S5, 801100 ~ 1300
m/km’ i}, BB T 2B A BB/, 7T LA BT
PROR B I, 0% W] LU B P AR B R T S
EHMIEERE . 55, B Ak % E 7E 500 ~ 700 m/km’
i, BmEEREE A RWaE, 20 ER, FE
A AE R, X — KR E R LR
X, EEM MR, XMAGHEY
R I, FEOR KR R, B MWK E RS
WHEV R TR, W& EA AL TR,
XFWMBIREXREE., WA, GHEER KR, B
EITE FEHE SRS . ZBERPFBIEZK,
N B RSG5 4, T DL 4T Y 52 Bl 4P bR i oK
R,

4 Hig

ZEMAGCS BAMBRFR, WAILELK
RHEPFHREWARMERIET 4. HREH:
HSATESRGHPARMEE BENKES®RIT
BRI LE P 20, SRR K R L FE 8 8, 2R
B B bR B B M BE A 0, BB

(=)




50 FEAK LR R

2017 4

B RN E B R B, R 2B
FER R F, B 4P AR B A 8 T 7 A A 1 S R <
8omy, Hxf i R EEAE M, T >8I, Rk
T8 RS Fe At PR 3R R M 8 K 5 Bl 4 bk kT 3 ok Y B P
RNIAE < 120 m WY BE RS N B A —#E, 7E 120 ~
240 m 2 [H]) 4 By 37 BE 25, FE A B 3, Bl 4 200 o8k
55, >240 m LASMR B 3 BE B 4, B 7 2800 B OB
55, LA 120 m 15 A B 37 4K 90 A 1) B, %ot F 94 okt B 9
BREEREGHPANMETERERTEESERNE
EW, A ED RO G MO ER, FEE
1100 ~ 1300 m/km* 22 [A] , 5 3 bk X ¥ 1 B Bly 4 3SR
% W1 5 A, B B R L BT UROR 3 A T Bl 1P AR
B 3T impa e EE,

5 SEXH

[1] POEREN J, NACHTERGAELE J, VERSTRAETEN G,
et al. Gully erosion and environmental change: impor-
tance and research needs [J]. Catena, 2003, 50(2—4) .
91.

[2] KRAUSE A K, FRANKS S W, KALMA J D, et al.
Multi-parameter fingerprinting of sediment deposition in a
small gullied catchment in SE Australia[ J]. Catena,
2003, 53 (4): 327.

(3] ¥, MER, BAE. % RAEBLRKLMEESS

A A LREEMMIT]. = EAK AR R, 2003
(11).7.
SHEN Bo, FAN Jianrong, PAN Qingbin, et al. General
situation of project for comprehensive control of soil ero-
sion in black soil region of Northeast China[ J]. China
Soil and Water Conservation, 2003(11) ;7.

[4] Z=HE.FZEEFHEX. ZEBLMAE? RALEL

X7k £ i % 2 [R/OL]. [2016-10-08]. http: // www.
people. com. cn/GB/huanbao/55/20020815/800101. ht-
ml.
LI Hexin, LI Zhenghui, ZHENG Xiuwen. Can see black
soil pay flow? Survey of soil erosion in black soil region of
Northeast China[ R/OL]. [2016-10-08 ]. http: // www.
people. com. ¢n/GB/huanbao/55/20020815/800101. ht-
ml.

[5] 3Kk MEARKEFE, % BB+ X/AHRBKR
R FEFZRMI]. WIBF, 2008,27(1) :145.
ZHANG Yongguang, WU Yongqiu, WANG Yanzai, et
al. Seasonal discrepancy of ephemeral gully erosion in
Northeast China with black soils[ J].
search, 2008, 27(1) ;145.

(6] R4k, ZH RILBLRXEHMEBMBERETHEY
WIT]. K AR FF2E4R 2009, 23(1) .7,

Geographical Re-

(7]

[8]

[10]

[11]

[13]

(14]

MENG Lingqin, LI Yong. The Mechanism of gully devel-
opment on sloping farmland in black soil area, Northeast
China[ J].
2009, 23(1): 7.

ZHANG Y G, WU Y Q, LIU B Y, et al. Characteristics

Journal of Soil and Water Conservation,

and factors controlling the development of ephemeral gul-
lies in cultivated catchments of black soil region, North-
east China[ J]. Seil & Tillage Research, 2007(9) . 28.
WU Y Q, ZHENG Q H, ZHANG Y G, et al. Develop-
ment of gullies and sediment production in the black soil
region of northeastern China[]J]. Geomorphology, 2008
(101) . 683.
I, fEAEK. IR R 00 S X300 9 9 JE R [ RR Aar
BB R [T PR, 2010, 30(6):
892.
DONG Yifan, WU Yonggiu. Short-term gully erosion at
different places of bottom of gully using virtual erosion
pins[ J]. Scientia Geographica Sinicae, 2010, 30(6):
892.
ESCHE B, M. RICARR I XEWERM
MEXARLI]. BRYEENR, 2012, 27(12) : 2113.
WANG Wenjuan, ZHANG Shuwen, FANG Haiyan.
Coupling mechanism of slope-gully system in type black
soil area of Northeast China[ J]. Journal of Natural Re-
sources, 2012,27(12) ;2113.
EE, B, KW RILRBR T X 40 £
WS FAE R BT R LT]. MBS
E B2 ,2012, 28(3) ; 68.
WANG Wenjuan, DENG Rongxin, ZHANG Shuwen.
Spatial pattern change and topographic differenta of gul-
ly erosion in the type black soil area of Northeast China
during the past 40 years[ J]. Geography and Geo-Infor-
mation Science, 2012,28(3) ;68.
E KRS ERYE. 40 a BB YRE
MBI Rl TR ,2010,26(2) : 109.
YAN Yechao, ZHAN Shuwen, YUE Shuping. Dynamic
change of hill slope and gully erosion in typical area of
black soil region during the past 40 years| J]. Transac-
tions of the CSAE, 2010,26(2) :109.
SHICT, Wang E H, GU H Y, et al. Soil structure char-
acters of different soil and water conservation plantations
in typical black soil region[J]. Journal of Forestry Re-
search,2010(21) . 151.
W, TR EBER %, N TR OB B A
BRI ERTskll R 22 RSB AR,
2010,3(1) : 90.
CHEN Ping, WAN Fuxu, TANG Xiaolan, et al. Planning

of suburban shelter forest in Xukou Town of Suzhou City



oM

EXH%E: RALBLXRHBEFHRSHERBAR 51

[15]

(16]

(17]

[18]

[19]

[20]

[I]. Journal of Beijing Forestry University ( Social Sci-
ences) , 2010,3(1) ; 90.

S ASH . EME.E ETEARKERERE
B e e X B S pk R R S MR R EC B [T]. A4S
2#13%,2010,21(12) ; 3083.

MA Hao,ZHOU Zhixiang, WANG Pengcheng, et al. Spa-
tial optimum allocation of shelterforest types in Three
Gorges Reservoir Area based on multiple objective grey
situation decision[ J]. Chinese Journal of Applied Ecolo-
gy,2010,21(12) ; 3083.

WANG X M, ZHANG C X, HASI E, et al. Has the
Three Norths Forest Shelterbelt Program solved the de-
sertification and dust storm problems in arid and semiar-
id China [ J].
(74): 13
HER,EH MWRA. ETALERNB L X EHH
WP ARE R R MAESER,
2012,23(4) : 903.

SU Zilong, CUI Ming, FAN Haoming. Optimization of

shelterbelt distribution for the gully erosion control of

Journal of Arid Environments, 2010

cultivated slope land in rolling hill black soil region of
Northeast China[ J]. Chinese Journal of Applied Ecolo-
gy, 2012,23(4) . 903.

HF R, EH ERN. RILE KR KBRS
WA RBREWI]. KL RFHR,2012,19
(3):20.

SUZilong, CUI Ming, FAN Haoming. Effect of shelbelts
distribution on ephemeral gully erosion in the rolling hill
black soil region of Northeast China[J]. Research of
Soil and Water Conservation 2012,19(3) :20.

@, KR, EPF RRAFRLIXBHEE
BArE 5= R RS T R £, 2007,27 (2) .
193.

YAN Yechao, ZHANG Shuwen, YUE Shuping. Classi-
fication of erosion gullies by remote sensing and spatial
pattern analysis in black soil region of eastern Kebai
[J]. Scientia Geographica Sinica, 2007,27(2) :193.
R, BEE, HRRE, . 2004 RiHBXRKRH
B ARG Xt Ak AR R B AR [T, R
HR2HH, 2004,15(2) ; 181.

FAN Zhiping, ZENG Dehui, CHEN Fusheng, et al. In-
fluence of shelterbelts structure on snow distribution pat-
tern in shelternets in Northeast China[ J]. Chinese Jour-
nal of Applied Ecology, 2004, 15 (2): 181.

AR, GEE, RBE, % REBPHARESER
FRAERFFELT]. K LAREF2EMR, 2002, 16 (4) : 130.
FAN Zhiping, ZENG Dehui, ZHU Jiaojun, et al. Ad-

vance in characteristics of ecological effects of farmland

[22]

(23]

[24]

[25]

[26]

[27]

(28]

shelterbelts [ J ].
tion, 2002, 16 (4) . 130.

WE. BETETEIHGPHERRABERFRID].
MR BE AR AE ARl K4 ,2001 9.

HAO Hong. Study on the optimal model of protective

Journal of Soil and Water Conserva-

forest system in the west region of Heilongjiang Province
[D]. Northeast Forestry University, 2001 ; 9.
EXE,RBE, KRER,F. EAFUDRILERFME
YIREAT PR R RREE(T]. FEYE, 2013,
33(1):65.

WANG Wenbiao, DANG Xiaohong,ZHANG Jishu,et al.
The wind-breaking efficiency of low vertical sand barriers
with different materials in northern edge of Hobq desert
[1]. Journal of Desert Research, 2013,33(1) ;65.
R, RR, KFHE, FATHREE TR
HRARBBIFRLT]. KL ARIFHIR, 2010, 24(4) ;
44.

GAO Han, WU Bin, ZHANG Yuqing et al. Wind tun-
nel test of wind speed reduction of Caragana korshinskii
Coppice[ J]. Journal of Soil and Water Conservation,
2010, 24(4) . 44.

ERM, DA, TEF, % TRBRARE RS
SN [T]. PEAFREFR %, 2004, 2
(4) .82,

ZHA Tonggang, SUN Xiangyang, YU Weiping, et al.
Structure and microclimate effects of shelterbelt on farm-
land in Ningxia[ J].
vation, 2004, 2(4) . 82.

Wi, BB SILRBEH KRR RE
BREARDR[T]. 2HBHES KL RFFR, 1997,
11(3) :17.

XU Hai,XIA Huanbai. Study on structure technique of

Science of Soil and Water Conser-

protecting forest system on sloping field in Wujiang river
watershed [ J]. Journal of Soil Erosion and Soil and
Water Conservation, 1997, 11(3) ;17.

WRBEE . 58 AR I TIT AR L B 47 AR S B T T
(1], sl B8 k224 ,2015,35(9) 1.
OUYANG Junxiang. Reform and regeneration of degen-
erative shelter-forest in Inner Mongolia Chifeng [ J].
Journal of Central South University of Forestry & Tech-
nology,2015,35(9) ;1.

P, TE. N AR E ISR E KR
REEMBDREII]. PEALRRE,1995(4): 23,
SUN Shanghai, ZHANG Shuzhi. Application of dissipa-
tive structure theory on configuration of water and con-
servation shelterbelt system and study on its benefit[ J].

China Soil and Water Conservation, 1995(4) : 23.



